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Abstract
Modern experiments in hadronic physics require detector systems capable of identifying and reconstructing all ﬁnal–
state particle and their momentum vectors. The P¯ANDA experiment at FAIR and the CLAS 12 experiment and Jeﬀerson
Laboratory both plan to use imaging Cherenkov counters for particle identiﬁcation. CLAS 12 will feature a Ring Imag-
ing CHerenkov counter (RICH), while P¯ANDA plans to construct Cherenkov counters relying on the Detections of
Internally Reﬂected Cherenkov light (DIRC). These detectors require high–rate, single–photon capable light detec-
tion systems with suﬃcient granularity and position resolution. Several candidate systems are available, ranging from
multi–anode photomultiplier tubes to micro–channel plate systems to silicon photomultipliers. Each of these detection
solutions has particular advantages and disadvantages.
Detailed studies of the rate dependence, cross–talk, time–resolution and position resolution fro a range of commer-
cially available photon detection solutions are presented and evaluated on their applicability to the P¯ANDA and CLAS12
Cherenkov counters.
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1. Introduction
Cherenkov counters are the method of choice for modern nuclear and particle physics experiments aim-
ing at detecting the complete ﬁnal state. For momenta up to several GeV/c, a large variety of Cherenkov
imaging detector solutions identifying pions, Kaons and protons have been found [1]. Despite diﬀerent
detector materials, diﬀerent geometries, diﬀerent imaging optics and diﬀerent reconstruction methods, all
detector types rely on a fast, position sensitive, large area photon detection solution capable of registering
and identifying single photon hits [2]. Modern experiments frequently demand an operation in moderate to
high magnetic ﬁelds and and very high single photon rates. Hadron physics experiments planning to install
varieties of imaging Cherenkov counters include the P¯ANDA experiment [3] at FAIR [4], which requires
DIRC counters [5, 6] to fulﬁl its physics aims [7] and the CLAS 12 upgrade programme [8].
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Photon detection systems relying on conventional bi–alkali photocathodes and a vacuum tube technol-
ogy are foreseen for these detector systems. A variety of solutions based either on compact multi–anode
photomultiplier tubes (MAPMT) or multi–channel micro–channel plate photomultiplier tubes (MCP–PMT)
are investigated.
2. Multi–anode photomultipliers
The new applications requiring position sensitive photon detection devices are very demanding. It is
unlikely that any of the currently available solutions will fulﬁl all performance criteria for a speciﬁc appli-
cation. Flat panel MAPMTs, e.g. the Hamamatsu H–8500 and H–9500 devices, oﬀer a large area coverage
and excellent packing fraction with a well established response. Nevertheless, a thorough understanding of
the photon detection properties of candidate systems is therefore mandatory. An example of the experimen-
tal layout of a laboratory test arrangement is depicted in ﬁg. 1. A high frequency laser with sub–mm spot
size is mounted on a x-y–table. The laser intensity can be moderated by a sequence of neutral density ﬁlters.
Both, charge and timing signals are recorded by a fast electronic system [9].
Fig. 1. Schematic setup of the scanning station used to study the position sensitive response of candidate photon detection systems
(left). This setup allows to study the response to various light levels as a function of the position of incidence on the photon detector
surface. The map (right) shows the single photon detection eﬃciency as a function of the laser position normalised to the largest signal
for a Hamamatsu H8500 device. The inﬂuence of the dynode structure at high resolution scales is apparent.
Set–up like this can be used to study the position dependence of the timing and amplitude response of
candidate photon systems with high position accuracy and for a large range of photon intensities. A single
photon response map for a Hamamatsu H–8500 MAPMT obtained with this set–up is also shown in ﬁg. 1.
Of particular relevance to the planned application in RICH detectors is that the single pixel response is
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Fig. 2.
independent of the photon’s angle of incidence. A range of incidence angles has been studied, with normal
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incidence and a large incidence angle depicted in ﬁg. 2. The response was found independent of the photon’s
angle of incidence.
3. Photomultipliers based on Micro–Channel Plates
In the construction of MCP–PMTs, the classical dynode structure is replaced by an array of micro–
channel plates. Most commercially available models are comparable to MAPMTs in terms of geometrical
ﬁll factor and granularity. The more compact ampliﬁcation structure provided by the MCPs, however, make
this type of PMT more resistant to magnetic ﬁelds and provides excellent time resolution. Fig. 3 shows
Fig. 3. Single photon time resolution for the Photonis XP85112 photon detection systems based on micro-channel plates using 10μm
pore diameter (left). The time resolution is found to be independent of the external magnetic ﬁeld applied (right). Note that the data in
these two plots were taken with diﬀerent acquisition systems.
recent measurements of the Photonis XP85112 MCP–PMT. The time resolution is found independent of the
magnetic ﬁeld.
A persistent problem with present day’s MCP–PMTs is the comparatively poor vacuum and resulting
lifetime problems [6, 10, 11, 12]. Of particular concern for the application in imaging Cherenkov counters
is a position dependence of this lifetime eﬀect, which was observed for some models available [12].
Fig. 4. Absolute (left) and normalised (right) quantum eﬃciency of a Photonis MCP–PMT as a function of the incident photon
wavelength. The colour coding indicates measurements as a function of the total anode charge collected. A rapid deterioration which
is more pronounced at larger wavelength is observed, while no positional dependence is found.
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A calibrated, wave–length and position dependent light source was used to study the performance of
the Photonis MCP–PMT devices as a function of anode current and position on the entrance window to
study ageing and to evaluate a potential position dependence of any ageing eﬀects. Due to time limitations,
this study could not be performed with the same high spatial resolution as used for the MAPMTs, but
rather with a granularity of four pixels evaluated together (approximately 12 × 12mm2). Within this spatial
resolution, no position defence of the ageing was found. The MCP–PMT shows a homogenous decline in
quantum eﬃciency, which has a clear wave–length dependence. This pronounced ageing eﬀect needs to be
overcome, if these devices are to be used e.g. in the P¯ANDAfocussing disc DIRC [13].
4. Summary
A variety of photon detection solutions exists which can be applied to modern imaging Cherenkov
counters for the next generation of hadron physics experiments. MAPMTs oﬀer a good compromise between
position resolution, ease of operation and longevity. Recent studies show, that their timing performance can
be improved using the common dynode signal [9]. They are, however, very limited in operating in magnetic
ﬁelds.
Photon detection systems based on micro–channel plates to amplify the photo–electron signal have been
shown to provide excellent timing even in the presence of strong magnetic ﬁelds [6, 10, 11], but are currently
limited in their lifetime and marginal in their high rate capability
The Hamamatsu MAPMTs studied are well versed for an application in the CLAS 12 RICH detector,
where requirement on timing and tolerance of magnetic ﬁelds are less stringent. The P¯ANDADIRC counters
will have to rely on an MCP–PMT based solution, provided current problems in rate stability and lifetime
can be overcome.
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